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ABSTRACT OF Korean Patent Application No. 10-1999-0001023 

Magnetic devices are disclosed which include a changeable magnetic region, 
within which each of two magnetic states can be imposed, using an applied magnetic 
writing stimuli. Upon subsequent electrical tunneling through the device, for example, the 
relative orientation of the magnetic states of the changeable magnetic region, and a 
proximate, reference magnetic region, can be sensed, thereby providing a binary storage 
capability. The present invention limits the magnetic writing stimuli to only a preferred 
portion of the changeable magnetic region, e.g., the portion within which the two magnetic 
states can be dependably written opposite of one another. The magnetic writing stimuli is 
limited to a preferred portion of the changeable magnetic region by either narrowing the 
bitline and/or wordline structures associated with applying the magnetic stimuli, and/or by 
lengthening the changeable magnetic region into an elongated structure such that its 
elongated dimension is greater than the lateral dimension of either or both of its respective 
wordline and bitline. The principles of the present invention can be applied to magnetic 
random access ("MRAM") arrays, which employ magnetic tunnel junction ("MTJ") cells at 
respective intersections of bitlines and wordlines. 
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B ^gOfl oi^sj ^ XRf mtU 5- ?H2| TOI ££HM 2W0| HHil 4^ SJ^r 

API S^g TO I ±XfW0| THAISCh WIM MOi, API iXFM mm\~ W^21 2?l 

A) Oil. ?M TOI S^2j TO I #EH«I- 2!E*J- 7|£ TOI 2^2] £CH^°J SA!H2^, 013 XI 

§■ £q« mzw. « wtf ?\m xmm ?m toi s^hj mm #3 ^ ;h 

uiEd}£i r«/c££ ^M^e^u, s/a^ ?m api s«m gsii ^srncn, 

S3*!. Xl^Jf ?H^S £f£E|-S2f d|e^oi£J *m s° o^oj ^ok|f xl^aQ Q B>D tJHS^, Xf 

t\- ?\m x^m 7m toi b^*e «i*t=ia. ^ sssi oim^ bi^oi^ $i 

?H^3S JWglM TOI Ely S^CMTJ )! xHeo^ TOI S!g ^/Ml^( 'MRAM* ) CH2«0I# 
(Hi ^Bm ^ 21Q. 



£ 1a-1b^ U|^ae>12^ S1He*£!!2| IS^gMOflAI Q4=°i TOI D22EI *kWl\ 7H^^°« TOI Ei^ g 
^ WIS El ^b|§^ MRAM OiaiOlM UEfUi^ £9- 

£ 2^ Ol^oj TO! Em Stf ^XfOil TO CH Af^l-gOl^ Xm2\ 01^21 ol^EH 

£ 3S lag** OlAflXftf ^ CHS^S TOI ^ B 12J A}t|- IfleM UEfLH^ £ 

9 - 

E 4^ E 32j «1 S^2J >flA^1 ol^aaAl^ ^# UEHJI^ £3. 

£ 5^ mu(^ §Ki oi^2j ym toi s^(M)oi e»s ^oa Eisa^m, xtm 7\m ar 

« ?^oi xf?| S^(M)2J S^^(M)2i b^t^ 2j^£l=- B ^S2i «1 1 4'A1011# LfEKH 

^ £9. 

£ 6a-5te £ 521 3§S ^ TOI S^M g oU2J ^ TOI S^#2i gBMOilAi 

§e Aftf Wim ^Aie^ g°KHI 0I2J bhi,^ «^o| g^^(HIAj = JH2J CHt^ Aftf 

m\~ ^ TOI S^2J ge#MA121 Bg Af^ bHDI01^1# UEKH^ £9. 

£ ?s b|E^oi M2 | o, Ea o, M oj m^SOUA] OlMQi] CH^H StloW Sr^d DilSEI OiSilOl ^'£1 ^ 

A1?I7| m 7^ TOI S^M ^ TOI OUSEJ OiaOlM UBLH- £9. 
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s bb ui^aeioi ?iE&ei^ nmsoti essra Am a^oi biie/°jEE}°j 2*r20iiAi af 

71 ±Xr°l 7r2 AK?I bri^'iJ ^SOflS* XO§EI= S ^SSJ Dff ^AJOfll UEHJi^ £9. 

103 : SJEEr£M05 : UI^Er°J 
I08a-108f : Af° API «2? 
109 : AK7I £Af 



DR ^$1 B^ =SS|e ^(Defense Advanced Research Projects Agency)tHi 2J«R XOSS 31 

5fH32 MDA972-96-C-0030tHI KB £ SHIM ^S*KIK 

shs n&mw mzi g± 

1. MAGNETIC MEMORY ARRAY USING MAGNETIC TUNNEL JUNCTION DEVICES IN THE MEMORY CELLS' Sfe SSH^ 
1997^ 63 ITVX^S OR ^qH2-£ XO 5,640,343 £2L 

2. 'MAGNETIC TUNNEL JUNCTIONS WITH CONTROLLED MAGNETIC RESPONSE 'Er^ 1997^ 7^ § 
US OR M 5,650,958 ±9} 925101 21Q-. 

1. 'MAGNETIC MEMORY DEVICES HAVING MULTIPLE MAGNETIC TUNNEL JUNCTIONS THEREIN'Errr SSH^ #3*! 

2. INTENTIONAL ASYMMETRY IMPOSED DURING FABRICATION ANO/OR ACCESS OF MAGNETIC TUNNEL JUNCTION 
DEVICES SSfSS 533 XII «8JjIL 

3. 'LIMITING MAGNETORES I ST I VE ELECTRICAL INTERACTION TO A PREFERREO PORTION OF A CHANGABLE 
MAGNETIC REGION IN MAGNETIC DEVICES'B^ K\ S2| ^ SS2r S^EICH 2JQ. 

Oil OR WiKf OR b$J 531 ZWS S SAfiAJOflvM §2£A1 SJeSQ. 

£ API OilHEJ(a raagretic random access memory : MRAM) LH£J API Dfl2cl|lHI Ar 

g& API ±Xrl2| S! 0 -*Uii^( access )0i] =»•• 2101 LK 

^ oigS OR mOfl 7H Ala E la-1bOJ £A1£! API !Hg Dfl 2EI ( 1 MARM ' ) OlcflOl 

m= SIE£}£!l(wordlines)(l, 2, 3)2* bl^EKL'IHbit I ines)(4, 5, 6)2J IH^gQil SIXI2 API 011221 

gmmm 13, M(9»2j oiaoii stjs/a. apj^s 4= ?x~ Xr 

S(free)' (24)21- API Ely S^(a magnetic tunnel junction : *MTJ ) ±AJ-(8) LHOfl SI*! API 
7I£ 3^(20)1 StJ^Q. (715 S^OIBr^ gCH^ Af° ^ g^Hj- ^ilfl Sm2J ^Af^ 
Al S^7r^ ^EH?J El^ ^§ ^EH^J S^l UEHJPI ^l^fl B S/JIAKHIAI ^^loCT Afg& 

Q.) OEI^ ill LHOil D0OIE11 flS§r=01 2iCH ^l^rtl^ OIE^> Ar° Xr2r§0|^(the 
easy axis : *EA')M [QEf Af^ ggAi^H^i ^ S ^1^ 2^13 ^CH^2i A^f ^tft 

SCI- ^AJShTfl, MRAM 2| UieE>oQ|- ?JHE>ejl g$H SfStf^ Ar^lh 0IS°jtf Aftf 

T^f Afg^KM Af° S^^J AftF ^CH^^^ ^l^tlil, US Oil 01 m£ 715 S^M CHt^ 

Af^ 2^2J ^Ol^oi Aftf SWil °i^r^ ^ ?H°i 2^1 S 5hU°J Ztm H|EEr°i S ?-|EEf°! 

AK3I2J 12r^°i E1^D Ait.^ ^g^^ £^SQ. A>° A^r ^t/S A>°g>{] 

Af^gOI^M CM- -EA)^S §I5J£^ ^AOtf Am Wtm ^ AK^I 

SSAI S^H^Qe, ?|^ S^OI ArS S^HF ^Ah^ Srfc AH^OIAI^ +EA gftfSS AF5} 

# ^qb, ^ 7H2j ^oiim oioii iim ^ thsi ei^h «t>^i^ ^iou CH^ra §k+ea.*ea) 

EA gEOij CO^ Ely Alt^2J mgM UERH^ 01^2.' SI ^EliaAl^ (hysteresis) ^^01 £ 
2011 £AISQ. Ei^ 2^ A|*^ 2^(50) LH2j oi^g ?JAI Sr^, ^ S^(50) LHSJ AFtfgOl 

^ MEiS (flipping) AFTtl ^£ V-H, 0^21°!^ Af^Dil CHBO ^ 2i~ ^ ?H2J ^01^ & 

1 S u^U2J ^1 ^ 2iQ. ei7r& Af^gOl^ AMI?}- V-Hl iHfoS, 0|2i 2XI^PI5 
S^QU CH^ ^ S^2J t^gl Aftn ^EH A|^(?l^ S^OO CH^ ATS §1 mi) #EH 



15-2 



^1999-0072262 



Eiy stm 5 7H2j »a nas^ i^i/Aias, ?i^ eyon w° s^oaaj Af 

5f WW 9J2Aj?|^ 2£ gXflg 9uW Sr^ *U2J «<* S?£ i= S^Ofl 2^ Sim 

□liJ 4 OH! MOi, goHW Af° XF^ ^ °j5r01 IS S?£ SAJ 

a 71g?l<HI BJoH 2fg ^ ^gei EOflOj ^#01 fiSB ^ S1Q. Btt 73*^ s 

S^W3 CH£J S2°J LH3 m,,„in, s r.„.»0!l 2|£$P| OflgOtL Alt* SB0 WW ^™L^ OlAflAPI ^ 

ill 2£ 5^ §^ ge.Kw Eiy xvm $ axi t.o. 

OH! 19. E 30113 4=§^sfL* Q# TJtf 189 AhOIOfl ^£T£J «l £XHofCH A^gOl^ 

EAOil CHsB t*£& XfS API S^(59) LH2J ft^ flflgOl SAISQ. OIEHV Aim 

s + 700 OeS^EI -700 OeOil Eg*» OBttl QAI *7Q0 OeM EBtt= X}SI@OI« UHD|Oi^(bies)tHI Dim 
01. S=^£g 3tttPI AKI>£! a m§OI H^-Sfll MJ)S*Ei WSO. Aj- 

^1 CHI OEf s*S*l- Ktm «700QeS^E1 2f -280 OeOfl (7W 

»iu2i 2*1 xmkhai zesi e*saxi ^n, s? ?h°j ch*? w» tit; atoiouai sxi xm «voi 

E 43 TO! ±X[ CH £4^X1 STS A|=ofl op f Ei Xf^gOl^ XMIOfl CHoH g3*j 2*4 Xf^ U 
EKU3 S]±EHaA|± ^OIQ. »ShSOI52£ XW|2] MTiMQW. ^ £t\\W § oH-r^J 

^fHi ?IUh3A] Ofl«ff 4* ^LHWIAi blS^ S^(150)2 *j LH01IAI 3E1^ DUi] 

?^<na. Wll 4^1 " I NTEKT I ONAL ASYMMETRY IMPOSED DURING FABRICATION AND/OR 

ACCESS OF MAGNETIC MEMORY CELLS Ef^ OR mt\ B&WM. £ i» f SXH£ MRAM ^1 

LHOflAi mm sr= ^s^j diahwi ^skj ^;hm sieispi ?it^ ^ism thai^q. 

OR ggjOfl^ ?H<5 ^MOI ^StlCH 21201, OlOil [[>^3 5l^2J 2°0fl SiOiAl Xft^ 

mi Afg£j xmmn uom «i ^^101 *ph£1xi sfsta. ^eiu, oiew th^ 

S fe^Ofl ^OlAiS, ^JgSjot H|#UOI ^ EflS LHCH1 ^ SICK 

AfSf «fS i^All^Ofl 2JCHAJ. 0IE1*> blOl^ei ^§2 *]^^J g?0| °§*| 0H7H«4^ °JE° 
(parametric window)^ e^M ^AI?I71U ^ g<=>(H! «S(HI ^fi^ SI^QIBIAJ^ ^ 

§HJ1 iEHtiO. COefAi, Wl ^EHl AfOIBJ ^ Wl S^l «5rAJ?PI 7IS 

i a on sioiAi, xm g& gvmn u&u= oiajiwi glow 



API S^l ^WOfl ^ 30IQ. AR X\m Af^e Bl 1 ^| g2J2| ^ 

£*mfe Q^2J Xfl 1 A[7| S^MOI HSSa. AR 2l^r Aftf Af^l Q^2| «j 1 A>^| 

msj hht2!^ 2i ^gimiy ?}?m^m am m i Af^i gsjioo choh sisq. wsj eb^moi 

01 glU ^ 2iCf. 

CK^J X|| 1 API ^2t£ 2SH ^> SiSDI, 01 SSS »l 1 A^l S^M^ AiS gtlS^I 

ar xii i aeiai- bi 2 in xf zwm s&v $ ^^cn, on aeiM s ^chs 

°J «1 1 Wl 3S9 x|4=(dimension)MQ ^b^f ?>^D. 01 a°'°J ^ ¥M 

s XFsf Af^l Oil S^M S b^t^ ^MKHI& zjzjoj °iS 

Af7| Dflea^ Q^S| ^^5^ AO 1 S Afl 2 2^ a°J^g St/S* 4 2iQ. 

a^sj 2f api oaea s^i s ^2^21 ufuog bh*iejch abssjdi, JHi^ei 2^ 

s^ie s^s^ Bf£iM^ ^s.^ im%> $ ?ix\°k m 1 w\ « 1 bgi «i 

2 aeioii chokji gtsohxi ^ oiej jm w2>5kx law ^ siq. wea otaoim wi on 
sa sisj 2i «i 1 api s^oi ;h^^°" a» aeiMiM tosaj 

01 jH^ei enioioi actios, ssa a 1 s^m^ Af^i oneai 

ei D^2j q 1 s xii 2 iim aeiMoi sss g^son choS gtr^ ssouai mtm $ 2i^°s. M2 
a ejEs THa^a. 

^^oj S^2i «I 1 Af^l S^OI SSSI ^AIOHOH 2i0J/J, sjOiE ^ API ^€H#^ ^fllS 
XQ 1 AF7I S^2i g^^M imz: EHtf A^ 5tm £ SO. ^ 5H°J CH 

t f Am MfS Oi S^2J 7Hg^°" gBMAJ g# A© gtf^S SW^ 4= SiQ. 

XII 1 Af^l S°JOI ^'Xfi^ 0I2J 2^°! S£^OflA{ ^ EH* F Ahtr ^ S 01 SKJ2i 

mtv^ m?m. 01 0121 ^^^ej sEmoiiAj §i af^ zmm zmt^m ^ si 
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q. xpi s^sj xa i xpi s^sj th^^°i sb#om s# xm stjei t<£i gornn 

o\?\ WB, US ft&Sjg(f ixed magnetization sources)OI XflSli 4= 2»HD1 01^ 9§£! XI] 1 *7l 3 



SatT *7I XII 5 0^7W£, X}71 ±XHH) ^ X>7I #EH1 § t\U*i 7|Hm 

XI- £1- XR1 OflAI^oi ^ W | ti}*™$! ^£OtI°' X11*>*^S^, bri^tr ^ 

^ lh°j as EeeM^ »gsm z^tm 5 thsi u\v xm b t\u^ xm mm mv 201m, 

?V* W\ 233 £B1S t,^r^ SeCT Sr^ ±§5J SH352! Xm OB S MO I ^lilH 20|H£, Xr£r 
XR£ Wl £X*2| *4«t£ 7!^ ^tKW 2tm DIxIXJ Shi ^01 D. 



£ 5 LHXI S 81 g£6rO|, Xf^ 7|^ XRO| 7rS32! Xr7l 233 HH^ti* ^MOUSi" £!7^l = Xf7| 
±XH3 Af£ S ^203 B 1*23 01 ^101 £2*0. HE-ILL HH2 7|££A| £71 eim^ 01 
^ W X{j 5,640,343 2 a 350 5,650,958 SOfl COEf, 23 £ la-lbOfl EA1£! Xf7l M2EI 01cDO|3 ^ 
5 S §5f3 ?\*?[ £1^ Vgtqoj OlEra ^S^Q. 

E lal MAI 32! MRAM CHaOI^ S3 LHOilAJ SIS HH§& ?JE 2, 3)^A1 

7i35r= 2713 ££J£13 AOiy □€ ^3*T89 LHQiiAl SIS HHxl*! BIS Er91(4, 5, 6)^A1 
71 2713 E2213 Ail^M itt^O. bl|E E}°!1£ $IEE*2!M CH^H £01*]- %m 

= , (Mil 19 SlEEr212f 3}Z»0|°^ £|OilAi g tin 01 ^ Ef£Jt AJ|E= A1£ m^CK £ lb 
CM] ^AUol EAJS §£32! M2E1 ^(9)Hf Diiea $IE£F2I1^ UIME^l AfOIOil ^SjSfTil 
gCHS HI^ LHHJ Oil Eh°i!2J 2| 13 7^ Oil ?iX|&Q. 3 ^IHE^IjU 3 HIME^l 
01 E !aOH EAi£!^A}^> Et°"l^ 4*= l^^S 01 STQ. 01] S a ^(9)^ ^^ti" — ^ 
(stack)^S §1£IJ3, 01^ C|-0IS£(7)2F 7^71 SiJ-(a magnetic tunnel junction : MTJ')(8)1 
^ °1Q. MRAM CHEDOI^ m*ft[= 3^ OflSEI ^(9)1 loH ^ &* F ^ HiQ. 

(HI 2 El £1(9)1 ^ 2^ SS^ OilSEj M(9)0| DH° ^ 59^1 ?-]E Ef 

2J1, MTJ, DOI^EDii CHt^ SSHI- HIME^JOfl CH*> 2§h 2= i^D. £ laQfl^ 

EA19X! S^HLK MRAM CHEflOl^ OE 4IS7I- ^ ^'EI5 7|£^ ^ ?ie ^(Hl ^ 

211 AH3I0A ^XiaQ. 

M2EI 13(9)°J £ Ibl ^S&D. DflSa ^(9)^ ?-)E EI°!(3)(E laOU 

EAIU) ^Oil ^^tlCH 01 E^j (3)2f S^t!D. DflSEI g(9)£ Q0|SE2f ^ ^Xf^ 

mm 19 ^EI5 D0|2E(7)2|- UJ\™2^. 9^01 S^S MTJ(8)1 QOIS 
E(7)^ n-S ^E|S#(10)IU p-^ ^a^#(11)l D0I2E0IQ. QO|^H(7) 

2] p-*j ^as^ (11) o m ±z 3 ^£iE(stud)(12)M Eofl MTJ (8) Oil 2^Cf. DOISE(7)2J n-^ ^EJ 

otj(8)^ xae#2j ££Oii ^onas xaeeisj ^^q. s ib^j mtj(8)^ Ptah ^ 

§5K3k'&)#(& template layer)(15)ll, IH^SOKpennal loy)(Ni-Fe)21^ ^ ^71 i>^xfl#(an initial 
ferromagietic layer)(16)2h Mn-Fe2|- b^A^xil#(an ant if erromagnet ic layer)(AF)(!8)IU, Co, 

Fe a^^oisi iroi xm ewoi n^r n§s 2>^ai#(FMF)(20)m, w^oilkai,o,)^ 

^1 El^lj S^#(22)Hh a^SOU i!E^Xl^2J Co-Fe^ ^0| 2^(^)0iH 

9J -A}°(free)' i>^^xfl#(FMS)(24)n}-, Pt^ ^ S^M(25)M 5t^t]Q. 

i> h AhSxil#(24)^ XhmgOI^CEA'JSS A]g£]~ Xhtf StfOfl CHoKfl « 
XD^^'Q. Af° 2>^Sl#(24)tW^ 01 Xf5h§0|« D>E| 0112a <= ^ ^EHli §2Ju^ ^ 
PH^J Xftf StTOI 0I2F «miS, 71^ ^Af^J2#(20)^ W° 2>WSxfl = (24)3 A^fgOl 

#Qil gtSt!^ 01^1 "^H^ AlgE]^ ohU^ X\t[ ^t>^l Xfli^Q. 

2W2*U#(24)01I SiCHAI XJffgOl^^ MTJSi 01^, g^^^ (strain- 

induced) 01 ^EH OI^»xfl2J 2.tM SJo8 ^§9Q. £Ai£! MTJ(8)2h XfS ^A|-5«lg(2 

4)^ lOPh LOIH ^01 WOICM LOI WSQ □ 21 5jAr2^^S EMCH§ 4 2iQ(£ lb). ^AHS 

xfl#(24)2i api e2?E^ l wtm cuei Q ^ Sl&Q. 

01 71 ^ i,^ai#(20)s Pt, Cu^s Ta2f ^ ^e#(!5) 9|(H1 S&S i7| S 

AhS^#(16) #011 Fe-Mn AF#(18)1 ^&Ajg£S^ ^g^D. ^S#(15)£ ^71 ^A^lfl#(16) LH 
(Will g§ 55|1 °7l^Q. 715 ^XrSXfl#(20)2J ^^f^ °^>^ Ol^ifl *£*J 

1 ^ofr OlEi^j" #1^ ^X^ifi = (24)ei 4rS^^ X}5fgO|#0fl g«*^ LH ODAj ^«fSQ. 
CH°^o^ # AF XBS2i ^E(blocking temperature)^ □ 7IB# 7^Sf^ g°KH], 

Af^rgOl^Oil g^f^m s^SI ^ AfTH LHCKIAJ AF#0| «&e(15) #Ofl ^*M! 4^ SiQ. 0|E1t> CH9 
3°' SiOiAj, ^71 ^ArgiJ#(16)s ^Qs\X\ <2Q. 5£^|, HSAIl^ 2]7rS Xf?0 

i coef xm s«m s^ai?i~ x>7i oi^ai sthai^pi w«roi uss x^s^ 

(magnetostriction) 0|g£ 7f«FQ. 

715 S-XhSa#(20)]U AF# AK3I5J g tit coupling) i2£KIfl£0L 01 715 ^Xr^ifl #(20)2J Xf^ Stfl 
«SAI7|^ 2!0I XrS &XF^«I#(24)2J Xm Stfg ^SrAI7l^ Q OISD. Hl£Eie]12f $1 

HEf2Jll S3fSr^ 2^ (HI 2J*8 °'7^ Xr?fl3J g?|(HI ?±0\M. B ^AlOflej 71$ &X^3c02| Xf^ yjtf 
^ J2^ BS^CK MTJ2J Ol^ifll tOE} &Xr5ifl°J Ol^ifl^ Xf^ ^t,OI H§ 

a S2J Xfsf ^7h^°j °JS5i »S*?Q. MSEI ^1 7l«h7l ?lufl °i7r& XfJSfS 

&XF^Xfl#(24)2] X>3- g^i "rSAJ ?|7|0fl^ 3X1 Ei" 715 2^Xr^Sl# (20)21 X^ ^tm 9h3 
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A17|7|0fl^ SgSfXI <3tO. C&2MI, Xm QQ0\ Hgsj XhtF Mf&M LH°J DUE El gfOI § 

mam oiaioi^ gs^i— ge»M. 3 M»y.ej ^HEjeinf tiiME^i z^m i*n h# us, si 
bi^aeiBj jnxjsoiiA! gtfa si?2i wn= 3^71- *i££ie!2f uiMaei^ an 

SOU 91X15 BSJ21 m% MTJ(8)2J 1W£*11#(24)°J X*5} £* F t fl^AI^ 210ID. 2£ Eil^l 
B StJS 2S2| XfXfl XW7F X>2 ^XF£SlS(24)2J ±S1S Wfl(the switching t ield)^ illfSFE^ 
g*l*Cf. 01 gtJS S^SJ XFiO Xf*j= 7|£ 27^x021 XFtf »V| S2AJ?|£« HE*!^ ^SD 
2 OtaiOl 71^ Sf*10l MTJ(8)M BUftM H^Xj SJE^ £*J*Q. 

M2EI M£ Ely SlJ S^(22)M e^H 715 &Xf2 jfl§(20)2£¥E1 »S &X*£xfl§(24)£5 Q0I2E 
(7)2f MTJ(8)M 4^»HS #2m= 2JXI 2^ ft 0|2f yCHSm^Sai E^£jQ. Ai.-O, El 

y &w(22)^j xi*^ Aba#2j ^jjaofl oh? sj^spi im^ou, xi*^ oi ^jjgoii toe* im xi4^ 
4^^ sseieai, oi^s ch^^ a i, a Eiy §^(22)^ mm ^tm 211 2iqi*h:k 

Ely §-e?(22)e 7SXI=e ?HBI01 (carrier )2J EiyH Al^sSJ ^)}fl7h g7teKHl ffl^F ^ 

61 3*8E|01, 2iM 7^X12^ Ely ?HaOH°K)l 2^#0il CHsH ^'SMl 2*5*0. 7m S^tSQ 
OH? ^ 2X1 3^71- MTJ(8)1 4^'££ m^\o\ Dil2EI §!2J XitM Q{1 2d] *J 

21 £EH7h 01 ^X\ 2^ *^ Xfxil XWl^ °AJ1' ^ 2I2°£, 0112a M2J 

XPI #EH0U St't □1*1X1 Sr^Q. E1^ §^(22)1 7 r £X|5^ 35 1. ?HB10il2J Eiyg »M£ XI ° 
S-XHSifl #(24)21- 715 2W2xllS(20)2J XK?| 2£mM2J £CH3°i SIM 2J££iQ. Eiyg 2^ 
^^tKspin polarized)EI^CU, 0121^ tlS ^EH(^Xf^ifl#^ Wt» F Dil 2|£oF 

^ si 2i tig o^)ej 2xnoii 2joH .^xf^^#i, one m& xm m*o\ us 

^11 § t\Lm e^^EI 211 2JD1^CK 2£2J SI 2 Eiy S^IF ^Xfg 

2^9(interface)(HIAi ^Xf^xU#l 51^^ Xftj- XB^2J 2X1- ^5(H1 2|^H 
[O^Ai. «1 I ^X^ifl# Ely fl2 HEUa spin f ilter)^Aj ^gt!CK 2^f- ?HaOi#2J Ely 

§ 2 ^Xf2*fl# LH2J 2^o| t)2 fj^ 2JXI- ^EHl^J ^g^Oil 

°J^*0. «1 2 ^X>^^#2J XPI 2?j!E7F *U 1 i>^Sx-ile°J X^l a^MOfl CH^H §1 

213. XO 2 ^X^^1#EJ Xh7| 2?«e^ Xj| i S-X^tfl#2J Xf7| S^^Oii CH^H ^§11' UBfiQ □ 
^ 2Xf ^EHMOi ^XHtlD. m&M, &m ?HaOil°l xj| i qj hi 2 ^X^«M°i Xh 

7i 2?m«| si! oh iinxie ot, *a i s 2 &x^xo#e2j xpi eaieMoi 2? ygi^ 
tin sixixii ^>ea. xo 1 s «i 2 i>^si{i##5i xpi seii ^101 §i oiy ^chs 

HHll 1 UJ1, ?HH|CHM°1 EiyU ^2^1 ^^Q. W&M. XPI OflSEI S7|^ Xi^ 

^ ^1 1 S Ji 2 ^Xf^^#Oil>M S^°l 512 M^2f SXf ^EHlOil 2? ei^ecf. giU^SS, Xf° 
&X^Xfl#21 ? ?H2| 7^ XfSf X>7| Maa g)^ ? W2| 7^ OlE 2EHK0 ^ 1)1 

B WSOil CCf^ 2 Xf7| ^Xh(109)^ 5^°^ ?4EE}£j(103)Q{] 2J5i «>g£J S^^Q 

□ 21 oHJ 014^1 7^ XFS Xf7l S^M(108a-108f )2f iH^ HIMEiei (105)(0lt 2?^ Xf 
^ °!7h ^5°J OOAl^e." SEH)# 5ti^Q. U^tl ^M°fOI SI 2a°K 103)2* H|^H|°l(105)(Kl £1 
oB £W S^Hf I2^£I2^ 7^^oj X*71 S^(#)M HH^t,^S^, hl|ME^l2|- SlEEieKH] 

7\m AI0I1 7}^ S^(M)^ H^t} ^£W\ XJ^SQ-. X>^ Xi^# OtlA132£ 2A1&I, 3 

7hS X>7| g^(M)°l Um^tl ^(OllM #3, §^^)QilEJ- «lt!t,^S^, mm* 
e MS, S^¥) LH°1 XhS> IHei^ ? 7H°J CHt> F XfiF ^ § XFSf ©t^l 31^^ 21 

OlDt , 7^ g^l(108)2J i§21 &Xfl^°' S<^XJ Sr^ XFSf HO^MOl AFgtJXJ &71U 

^ ^Sol «7iS^^i, Xh7| ^Xf2J ^^uh^ 711 ^^{Hl 01X1X1 ^Q. Xj-71 ^X^EJ ^ 

SlOiAl^ 3 ggbl, Dili §3 ^ ^ OI3^(roicron)9J ^& 1 DIHS §2 10121 Xf° 2^1 
# ^ XF7I ^XfMOl b^S^KIK 

?-JE^| /b ,E £> oioj 2tJ Q, TqeQu oj- H [m # ?p£ Xh7| 0121 Hh^tl" 

¥¥(#)°i s^¥7F x>m i7iths^ se^FEs #^^i aoio^Q. oia*t 7h 

» Xf7| S^(#)E a^ZieHElS §215 S«0101, OI LHOU^ m( adverse vails) ^ Q 

E XPI 7i#0| SXB^ 7rs^0| 2171 UB^tHL ^2 ^0^^ Xf7| ^XF2F Oil AIOI0U1 OH 

bi^a^i ^«i °!7eie mm m^>io\ siEaei ^21 xm^^m era xwii ei7hii-£^ 

XF7I ^Xr^J XfSl- ©tfl ^ ;H21 CH^ Xftl- ^ S Oil /M 01 hi ^ 22AJU ^ 91^ 

^ioi 71-^ s^2j m<=m E^tj-oii ©a> oim^ ^gs^^ ^#21 

(winding up)"0| 7ICHSQ. OlEltJ- Xr7l rtXFOil SiOlAl ^?|§ AJ2/2I 59§s ^ Uti §^ 

011 ^M1^7i- UE^jD. 

012 ?H°1 MaS XF° 7fg:S^M(108a-108f)(OJ3 Oj^ 7H21 gag Ely 2tM)01 £ 5011 
EAJEJSi^U ^SX*a3 B ^SOI Xr7l ^XFM ^So^ Ef^'2| 7r« Cf^2J 7^ S^MOfl 
CH^AIE 0)^011 4 Slgs ^ 4^ 2iQ. MAaCTlC MEMORY DEVICES HAVING MULTIPLE MAGNETIC 
TUNNEL JUNCTIONS THERE IN'OIBf^ §A| £££1 DR ^ ^SMAj feSlS U\9} ^01, ZW2| 
XT7I 4:X> UlOfl Q§2J Xf7| Ely Stmi ^S2J OISM# 2i 4^ SIQ. Oia^ OIS 

aa^ xf7i ^xf^Bi oiai oi saiou g&si oa=7^e 5**0. dssi 7^ s^m^ 

^MS §AJ(H1 «UrXl SM2 §^£S ^ae^ 4gf AI^UIOI ^012 #EHS 4^ 2i01, 

#£Hzr 012001 ^XflOfl g&2i Ofl^7fe5s HSSfO. 

2 6a LHXJ 2 6fe 2|2| OUAI^oi 71^ X>7| (108a)0HA1 = 7H^I CH*/ X>Sf EAlt^Q. Xf 

5F§0!^CEA )S X>7| S^2J SSS (M> SIXTHS, EAja U|-2f ^01 01 S^EJ HrlT^ 
OtlAl^ei ? 7H°J CHt/ X^ £t/2J ^HM S 3H-F2J X[sF *£V ^EH# ^1*0. 
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£E*>, 2 6a LUX] 2 6bW = 7^ S2j(1Q8a)21 ^ gBOfl UEHJ— A}*> 189101 2A|*j 

a. ^ xr?i s^i^j g^'^ofl uEfue ch** =«*hi2 g^mii, 01 s^2j sem^ s 
LHsj rat g**M g**! £/x] smwm M9, ^) *m ^a. s ^sej oib 
mm ©29, 3§?J a>7i g^!°j g^i^ xmeoi^oo chm ws* s-sroi spei2 

H bhOIOI^! 1 ^ Oieit^ £2r=- API g^! ^smoi^ofl mi 

xm sii oi2f zttt* shj— ?i5 s^ini ^s^foi ^2 us wa£JM Ami^s 

^ ^ SiQ. £ 6a LH73 2 6b0O£, 0CAI32J g^? XKs|!(hard magnets) ( 106a -d 162a- 

b)oi si xm *gvm zm&m 9^ s^msi geioa ?ixi£ie ^isoi seai^q, 5^ 
#sxosm mm m&m insim^ pisoi Ami ^ 20. aat^ bi-oio^ bHg(btasing 

arrangements)^^ 0I§£ ?[W j&\ ««oj ^^01 g£^oj d^0| .01 g2?°1 § 

31 owe* I^' ^ &CH°1 EHS! 2101 if£U 4 2iQ. 

S STgSJ 01 E^SS ^ gAJ SSIS! OR mm SSMOi! 7HAIS Qs OIBMHf ^Itfl-Oi Af 

£1" ^ °lt}. Oil! M9, APIAl*^ 2713 £^g(the inagnetoresist ive electrical 

interaction)! 7f^ X>^| g^°j Wg**** DH^CH b|^a°! SI2Br2) 5r^£ flSJsJSg 

^, ?H5£! SI^EflEIAI^ 5*2! 2ft ^ 2iQ. XPIHSJg 2713 #3:^! Hf^^ti" S^OU 
AJ?| = 2S ^0Ih°1 ^*Dj| °>AI EHyH g2?! (masking )^^Lf ^325 tm& 

woih gjmm 4^1 °'e& limiting magnetons i stive 

H.ECTRICAL INTERACTION TO A PREFERRED PORTION OF A CHANGEABLE MAGNETIC REGION IN MAGNETIC DEVICE 
S'Efu OR ^£J^ 01 MM (HI C&a iT^l! ^ 2iQ. 

OIOU ^?mO\. ei^S MAGCTIC MEMORY DEVICES HAVING MOLT I PLE MAGNETIC TUNNEL JUNCTIONS 

THEREIN* S! ' INTENTIONAL ASVMI4ETRY IMPOSED DURING FABRICATION AND/OR ACCESS OF MAGNETIC TUNNEL 
JUNCTION DEVICES'^ S§21 OR mm #30fl fflAI^ id I CHS i la °' AR COEK HI CHS 

7i S/E£^ Stm^l OiaiOIM((WlM g*5Sr?ll HH^S)^ AJ-go!— "21^ flji 7^^^ ^ 

Mm 1 Si^Dt 7I0a>MO1I?1I ^?l§ AF72M(the switching fields)! A1€"^ ^ tfCK 

s^s xmm %^t>m zm, ^ mm § t\u ^ oie 
^ ^ sin ifim ^xhs^ss ^ ?H2i A>7i#mi ^ gtsswi ^ 

v Emm &±Mm ^ silk 

SSHPf Oil 2 a CHaiOl ^£1 &^A|?I01 S^l 01 £ ^ 2iXI°N Q ^ fiH?|A| » 
«PI S^m! H^AI?!^ "2101 7fsoO. A>7| OH 2 El OiBflOll ^^o9l ^ofl Ely St, K 4: 
A>10! 91a1& Bn ^^ty~ ?JEa°il (201 -203)21- b|E^oi 1( 204-205)m 

HH10I 2 ?(HI SAJ^Q. PH^^ei ^((Wi^CH, ^(209))^ 0|21 7Hg3°! £W B|^E1£iilj- ^1 

2E|£jOil CHoflAi igej ^IsCHS ^ Si^H^ 01^ H|^E^12> ?J2E1£)!0I «^ SSGfl 

CHoB StS^ S3MA1 gg^Q. K£5, b|^EI°i ^l2Er210l AI3-XH3 (zig-zag) HB 
@o S 4, oicH 2 ^ ^Arl°J ^Ai^°! ^12^! ^AT^AJ i^2! S^fAl^Q. (^ ^goj 

MHaI E>°JM's ^^30| Oft'. ^ 2^2, 0{Ji !3 4?g JUAttCK) 

BU2Ej OiaiOl LHOUAd ^ iiBS°J ^2^ ATsfgOIA gtfHJ ^ A>7| S^(!)°1 ^OJOil EJ^O. 
01 IGi^ E|°ieOI SliOfl °)^r^ S^Oil 5J£tlQ. W^^S, 7^ A>7| S^^ E[ 

oi5J 3 IJOI ^^ 3 HHSU ^fiS *CK [I>EfAj, Af^l ^XF ^2M SXISPI ^oB, 

xf^i xflsiJ ^ ai= s^t^ uie aei! Afg§^ ^01 df^s^. 

$]2Ef°l i^(303)2f H|EE|£.i ^^(305) AfOKHl W\ 4iAr(KI9)^ ^sT£l=, tll^Eie.1 ^1 3±5ie^| 

^goi 2 sou 2ai^d. biEarej ^(305)^ sfoi«a2 vx^/m z\±i$\m 

S&m M^[0\ bJEEfoi ^^!(325a-b)^E1 'M^dTOfK thinned down)'SQ. OIEI^ m&^Z 
(geometry)^ ™iVl 2A^J0il ir^EIAI S^SA|2 ^ 371! ^AJ?|^ 0|§! £>^Ch 

^CHS 1 LHOilAI 2tM! S^ISr^ ^!A|-^ ^A> ^?5! Xfl^uPI SAT't! S^!0| 7|^ El^3 
EH SI W\ ±l\mW CH^H DH^ ^ A>7I S^!! ^2^U A>§^ ^ 2iQ. WgAN. 1 ^ ^A>21 
A>7| S^!^ 2| ^OUAI StJ- S^! ^I^H gEH^ b:#! Afg^r^ M 2 ^SEilAI^^ c± m 

W^Gfc 5£EJ!Al±ee ±mM9P\ 5 ?H°J S!! AlgSKW E^!01§ ^ 2iQ. ^1 2!g 
S OR ^MUf eAI^S^I OR ^al gel (HI PHAJ2 b!>2f CfhE «li ^!2 Afg^^iO- 

2.^5! ?|^B 7rg A>7| S^!°|0i 2 5 LH AT 2 8011 2A|?J2iSU, ^SAIEfB 2 la UIA1 2 
1b0fl 2AJSI Siii^cj oe^ ^i^oi ngm $ 2iM! ^ 4^ 2iD. ^1 El^g 

S ^15 XK7I S^!0l 212,^1 X}7! S^Oil ^ 2i?iLK E^5J EI^U 

S A>m «»tK)| =M0I Q§21 S«l! ATAl^^l ?idfi Afg^ ^ SID. 3£1^ ^5!^ 

^71 °lg& 'MAGNETIC MEMORY DEVICES HAVING MULTIPLE MAGNETIC TUNNEL JUNCTIONS THEREIN OIEf^ 
21 DR Oil 7HAISJQ. 

£ -^SOI ^5 MRAM LH3 A>7| Ely Stf ^A>1(H] (MM ^SEISi^U, ^ SAfiAJOfl ^AJS 

!^ fea ^Af ^! 5t,^f01 AR °]7h ^51 AfgSl^ 71 § e^lOI gfi^ A>7| S 

^! 5t!8r= API ^A>#0i] ^§71-^50. 

s um^t* ^aiojisai ^gtisi^u s-sa>ei-2 §«s mm §7011 s^^ hj^ ^01 b ira 

HI §d 5! ^OiLI-Al &I! Sr^ ^01 01^01 £ ^ 2ig! W ^ 
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xi Sr^ s* P i anis^i sio-fl, °}?& xm x^w [t>a 5 jhsj xt7i #eh# zw©s bsws^ *n 1 

X*7I S^t ±XCT 

3^ 1 

Xf7| ^XHH] SJOlAi, 

°]?^J XROfl tra ^ 7H2J XI7I #£H1 2*2^ £ $ 2J= Xil 1 Xf7| S«2h 

#71 Xftf XRg #71 Xil 1 Xf7l UtGHtt «g££2»- 2J7mh7| ?loB #71 XII 1 XPI 23011 CH 

oB HHSS X^ °]7h ^ 

m xmvE xk?i 

S^t* 2 

Xfl 1 ^Ofl 2JCHAJ, 
#7| XK?| 4:X^, 

#71 °'7fe! X>5|- XROfl CO£h £Xfl£ #71 5 ^H^l XPI #EHt tNM ESPfett #71 «l 1 Xh 

71 s^m st»m= Q4=^i m i s^w □ sw^ol #71 xr °j7^ #71 a^°i xii 1 xk?i 

S^l ^I^J ^fg^ #71 Xf5* X^# °J7fAI7l7l #71 D^^J 731 1 X*7I 

CHofl HHMI= Xf7| 4Xh 

S7» 3 

Xfl 2 %m 

691 Xil 1 Xf7| 23101 BH^EICH, ;H^^2J Xil 1 X*7I 231 LH3 Xfsf EH§!M£ £X1I£ #71 

x^ x^sy °!?mw #7i $ ?m xk?i #ehi **w ssm= xpi ±xk 

4 

731 3 *NH1 2iCHAJ, 

#71 Q^2J Xfl 1 XP! 231 XII 1 XPI 231(H) g*SSMl HHS&lfe 2#*! 231 

5i»SKr Xf7| ±Xh 

5 

XB 2 SICHAI. 

#7! Xf^ M 1 XII 2 E\?!w 5t^^C1l , g ^Oi£ 

Q^BJ XI] 1 XK7I xl^eD Q xl^l ^XJCfl, 291 s ^01£ 

^^POil #71 CK^ Xfl 1 Xh7| iHW^ XF7I ^Xf. 

Xfl 5*HHI SiOiAJ, 

X>7| MSa ^1 XF7I DflSaSf lltfKr Xf7| ^Xf^, 

#71 731 1 XU 2 Ef°"!# ^ Q^2J Hx* ^^o^ XU I S XU 221 C^2J 

#71 XF7I OflSEI SStfUl, 2[ 51^ S^M g 2f2f2| cfLKHl HHxJtJDI ?H^^2! RX[ 

i §#u^ mn Efoi^Qii ei§e ^ai^ei^ D^°i xf7i imaa ^ 

m 5trS^ Xf71 ^x^. 

7 

Xll 1 t^WI SiOiAl, 
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8 

SI 7 tJOi! SiCHAi. 

#71 XJ^ °)7> SI 1 Eh°]IU SI 2 Efeia SWfeOL #71 Ef°!l e 3DI£ 5(Uc #71 SI I 

wi s^si sss *i^sa a ^ ti^i 7raoi ^gonei- #7i *m n^m mm 
71 #7i dig-sis* ejs# #7i xii 1 xw s^iih mzm= xpi ±x*. 



9 

M 8 fcHHI SKHAJ, 

XW QflSEI g# #7| Xf7| 0H2EI2I lt,^t^ Xtfl 4X^, 

#7i si i si si 2 stem siwui a^ei 12*1- ^#o^ si i 9 si 2 q^sj ei- 

#7| XPI 0U2EI g# ittfKQ #7| Ch£2| Z| 331 S ofLKHI HHxItlJ} #71 2f 2*f 

S^m «SSI~ ?H^°J E-mail 2J^H ^Ail^EI^ Ch£2| Xf7l Oil 2 El MM 

1 5*^^ XPI ±X*. 



10 

SI 8 *HN 21CHAI. 

#71 SI1 S=' Si 2 EF°JM£ 4*S!SMI 2*tffOI Oil AMD I (Hi ?\B S^l #71 SI 1 XPI 2 

#71 XII 1 SI 2 E£j CH^Oll CHoFOlE g*mXI #71 S^M #2fol01 JHWl-^ 
Xp| 4XK 



11 

XII 10 tttfl 2JCHAI, 

xk?i oneEi mi si'Sfr #7i xpi 0022121- ii^fe xpi ±x^, 

#71 SI 1 5! SI 2 Ef°IM# ££JSKQ Q£S| un S^H **#o*= SI I S SI 2 12*}- Ef 

#71 Xf71 M2EI Ml **>tKQ #71 Q^2J 2| JD*|- S^l 5 SHJOfl HHxItlH #7| 2f 3* 

231 ^#§h= 7H^3°J iH^ 512! 1M °JtU *!SI±£I^ XK?I DflSEI MM Sttf^OL 

#71 a^Si XK7I M2EI M# S #71 SI 1 XPI Z^s a2*F 2<*t t^Kr ^Hl^ 

21 i27* El£je S 01^ Oil CH3hOt2 gtSSW S,^ ?H^3°! S^l #2|SKW 2^ Xf7l ±Xf. 



12 

11 ^Oil SiOIAI, 

#71 SI 1 ^71 SI 1 » SI 2 Q^2J iH^ E^IM S3#0|| CH^H S3 # 

71 Xf7| [HIS Ell 71-^lEi Rn^\~ Xh7| ^XK 



§^ 13 

si 1 %m siOixi, 

#71 SI 1 XK7| S^OI 9S9^m, ^CH2 ^ 7HHJ Xf7l #EH!£ #71 SI 1 Xf7l ^ 
S#^M CDEf>M #71 ) ^71 ^QflAJ ^SIS S# XfU OfE} 

STO^ ^ 7H24 CH* F XF& 5t^l~ Wl ^XF. 



SI 13 ttOfl SiCHAI, 

#71 SI 1 XF7I S930I 0124 £#^Ai ^SIS ^ 7H°J CHtf X^ ^ § 01iz^2 W 4= 

OH, #71 SS2 SI 1 XPI 0I2J 7ri^^°i SBlOilAi #71 WS* ^Xloh2^ ^#E| 

^ Xf7| 4^. 
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15 

XO 14 Wi SiCHAJ, 
#71 #71 ±T}=. 

#71 XQ 1 #71 S^HJ gBOfl HH*IEi:n, #71 Xfl 1 Xt7| 2^01 0I2J gg^OM gfl 

S ^ 7H2| CHlf #S B Oii^S ^ ^ ^ £°«HL #71 3§si 1 #71 232] 
#71 #51- itl S#S*= 3CHE SK.^ Hg #£^1 □ 3*^= #71 ±#. 



3^ 16 

XO 13 VOI SIOiAL 

*£vz xo i s 3Qi 2 #5h «^ou 2^ a?a»fe #71 4 Ah 



S» 17 

S 7HS4 Af7| #€Ht Zf2|£3 gtP^SJ 1 Xfl 1 API 9°)t #71 ±#01l #71 ^ 7H°4 API #EH1 
#3* 71 « #=# #71 XII 1 API 233 UtGTC** 230tl°J 2i7ISfe EWM Stiffs #71 #€H 71* 

<Z>2 . 



tJ3»* is 

XI! 17 *MI 21CHAL 

#71 Xfl 1 #71 S^2J #71 UtEfttt go<^ S«fea. #71 #71 #EH1 M£ 

U\V BftfSSV 5101 d§m 4 4^ #71 #EH 7|S 



19 

#71 H 1 #71 23£ 9&EIH, #71 XO 1 #71 233 #71 £#^M Sttf^OL # 

71 n\ 1 #71 232] S#¥ LHOflAi = ffl2| OW #5* #71 *fl 1 #71 232] 

?H^°) §B1 ZfZIOIAI SI Ahsh St?2S 27Ho^ API #EH 7|s gg. 



2D 

XII 17 *W SiOIAL 

#71 °!7f #71 XII 1 #71 23^J U^5J^ ^§*(« #71 #5f 7m #^M °«7^^ #71 XII 1 

API 232] UOiAl ^gOfl£ °!7Koh# St£E« bh^ei AR °Pf ^iM BMS API 

#EH 71 H »B. 

21 

#7i insei #7i miaa as atAfl^api sitj- ggoi sjoiAi, 

§^ #71 ±AKH1 DioB ^ 7H2J #71 #EH1 S 5U2J #EH1 7|^SPI ^ g>^# St^^Cfl, 

#7i #7i ^#^ #7i #7i ms ei mm zt&\= ss. 



#71 ±Jm ^#Sh7| 91^ mOfl SiOJAI, 

°!7£j #m #^Oil COei ^ ?H2| #71 #€HM 2|2f^S SSF7^ xu 1 API S^s ^#5l^ <E+m\, 
#71 XII I #71 S^Ofl °JS*CT #^ o»7l 751 S#SKM #71 #tf #^°J #71 Xfl 1 #71 

m #7i ^# «# &a . 



3^23 
XU 22 t>HHI 
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#71 XII 1 XF7I ^# EPH = Q 1 X*7I 2^1 t*2o^ BflM S*^[fl, #71 XU 1 XPI 

s^si an^*> ^gs ^, 1 w , xk?i ^x* a^j. 

24 

XII 23 t^Oil 2101A1, 

XR °|7|- = #71 Xfl 1 XJ-71 S^Sf i^P #7| XII 1 Xh7| ggsi 

xJ^SQ- Qi =£f* p xl^l 7^01 #71 Xm XR1 °!7^7| ?I*J" *}CH£ SHJ2| aoj# ^Ss^ 
SUV££*I. #7| ^Oi£E eieiO| #71 SI 1 X>7| Um*\$! Sg^OflEJ # 

7i xm xri ei7m^ x>7i ^xi- . 

25 

XII 22 SiOiAi, 
#7| Xf7| 4Xf ^# 

#71 XII 1 Xh7l S^M #71 XII 12J ^ ;H2J XF7I #EHM Q^2| Xf7| S 

^MM VSSfe Q SttffeOI. #71 CM*2] 2<«s £XII£ #71 ^ 7H2J Xf7l #EH1 2,^2 

5 *Hfl BSPtS*!- Xf7l ±71 ^# g-g . 

26 

XII 25 VOI 2401 A|, 

#71 Q-£2| XII I Af7| 2^5 M ^#Sf3 B?fl^ 3#H #71 Q<s2J XII 1 X^7| ^#^= 
BTlIs X>7I 4X^ ^# gg . 

27 

B'22tHN 2J0IAI, 

#71 XR 2)7^ qi^M ^#5^ g^s, 

an s^i ^#oPi sise xa i si xii 2 urn Etvmm t*sm= <=mm stifrt^u, 

#71 XII 1 API S«l ^#5^ EWr, 

#71 XI 1 S! M 2 AK)I°J #71 Jim 2^ LHOU #71 Xii 1 XPi *#*^ Etffll 5 

XPI ±X|^# 

28 

XI 27 %m WIM. 

#71 XO 1 Xf7| 2*? B*l= 9SH XII 1 XF7I 231 Ettll 5tJV25AN 3^ x|^7h 

#71 XU 1 Xh7l 2301 *J#*j AfOIOfl #71 &K 23# #71 M 1 S XII 2 IW EE!# g 3 

0t£ &HJ0IAI2I XI -SQ □ 3 Xh7l ^Xf ^# g>^. 

g^tr 29 

XII 22 «HM 2101 Al, 

#7i xii i xpi ^# B^ie agi! xii i xh7i s^m ^#e^ btam 5tm^ai, #71 ^ th^ 

W7I #EH1 2f2|^ #71 3&^f XO t API S#^l CO^DI #71 Xfl 1 XF7I 



s^sr 30 

Xfl 29 VOI 21CHAJ, 

#71 Xf7l ^AF«# fe^s, 

#7| Sgsi ^fl 1 X}?\ S^^ §#^0UA1 #71 CH*f Xfth SV S mVE #7| Xfl 1 Xf7| S2?°l 

#^011 Stfs OfAjAI Sr K H3Ai£, *?Oi£E ^fU2J 7H^^2I ^&0flAj #7| Xf^ ^AiePI ?l 

*l #71 9§sj ^ 1 Xf7| ^H^^oi §E+e § ^OIE t\Um bmiCH^ EflUM 

□ itt,^^ Xf7| ^XJ «# mm . 
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31 
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